ABSTRACT
INTRODUCTION
Acute appendicitis (AA) is the most common non-obstetric surgical emergency in pregnant women. [1] Owing to the physiological changes in pregnancy, such as mild leukocytosis and change in appendix location, diagnosis of appendicitis may be challenging. Surgical treatment is the standard of care in pregnant women with appendicitis. Nevertheless, Carstens et al. [2] reported that they have successfully treated a pregnant patient with appendicitis non-operatively in a remote area where there is no place for non-operative management of AA during pregnancy because of a higher rate of peritonitis, 
MATERIALS AND METHODS
The medical records of 57 consecutive pregnant women who underwent appendectomy between January 2009 and September 2018 were reviewed retrospectively. The patients were divided into two groups as OA and LA. Data regarding age, gestational age, diagnostic modalities, duration of surgery, length of stay, pathological results, morbidity, and mortality were collected. The local ethics committee approved the study in accordance with the guidelines of the Declaration of Helsinki (second revision, 2008). Patient characteristics including age, gestational week, admission, white blood cell count, diagnostic modalities, surgical approach, and final pathology report were obtained from the medical records. The study population was divided into two groups according to the surgical approach. The 30-day postdischarge complications were compared between the two groups. Primary outcomes were the loss of the fetus and the preterm delivery. Secondary outcomes were the development of deep and superficial surgical site infections, hospital length of stay, duration of surgery, and readmission.
All patients were evaluated according to the İstanbul University Istanbul Faculty of Medicine, Trauma and Emergency Surgery Unit guideline (Fig. 1) . The appendicitis diagnosis was based on the clinical, laboratory, and imaging findings. All patients underwent abdominal ultrasonography (US). Magnetic resonance imaging (MRI) was used to support the appendicitis diagnosis if the initial diagnosis could not be definitively diagnosed in the US. All patients were consulted by the Department of Obstetrics & Gynecology to evaluate fetal viability before and after the abdominal surgery. All of them received nifedipine and indomethacin for tocolytic purpose. In addition, they received ampicillin-sulbactam (4 g/day) preoperatively and postoperatively for 24 h.
Standard or modified McBurney incision was preferred in open approach according to gestational age. Laparoscopic procedures were performed in all patients with three standard trocars (umbilicus 10 mm, left lower quadrant 10 mm, and suprapubic 5 mm) and HD systems (Karl Storz GmbH & Co. KG, Tuttlingen, Germany). Open incision technique was performed for entering the first trocar that was used for the camera. CO 2 pressure was 14 mm Hg to maintain pneumoperitoneum. The specimens were extracted through the left lower quadrant trocar incision with a plastic bag.
All patients underwent operation with general anesthesia. Heart rate (three-channel electrocardiography), blood pressure, peripheral oxygen saturation, and end-tidal CO 2 (Drager Infinity Vista XL Monitor) were monitored. For anesthesia induction, 2-3 μg/kg fentanyl, 2-2.5 mg/kg propofol (up to the loss of eyelash reflex), and 0.5 mg/kg rocuronium bromide were used. Patients were intubated with an appropriate endotracheal tube. The fresh gas flow was adjusted to 2-3 l/min (O 2 /air mix, 50%/50%) during surgery. The tidal volume was adjusted to 6-8 ml/kg with a ventilatory frequency of 12 beats/min by volume-controlled mechanical ventilation (Drager Fabius GS). End-tidal CO 2 was maintained at 30-40 mm Hg. During anesthesia maintenance, 50% O 2 /50% air mix, sevoflurane (0.5%-2%), and 0.05-0.45 μg/kg/min remifentanil were used. All patients received 1 g intravenous paracetamol and 1 mg/kg tramadol. For postoperative analgesia, a 500 mg/6 h intravenous paracetamol was used. 
RESULTS
During the study period, 57 pregnant patients were admitted with a diagnosis of appendicitis and underwent appendectomy. Of the patients, 18 (31%) underwent LA, and 39 (69%) underwent OA. The overall median age of the patients was 28 (19-41) years. There were no statistically significant differences between the two groups according to age, pregnancy week, and laboratory and pathological findings (Table 1 ). All patients underwent abdominal US (n=57, 100%). MRI was obtained to clarify the diagnosis for 10 (17.5%) patients with an unclear diagnosis of appendicitis. Sensitivity and specificity of US were 84.9% and 50%, respectively. Sensitivity and specificity of MRI were 66.7% and 100%, respectively.
There were no statistically significant differences between the two groups according to preterm delivery, fetal loss, and other complications. The duration of surgery was significantly shorter in the LA group than in the OA group (Table  2) .
DISCUSSION
The aim of the present study was to compare obstetric and surgical outcomes of LA and OA in pregnant women in a single center. The findings from our study showed that there were no differences between LA and OA in pregnancy in terms of obstetric and surgical complications. There was no evidence of a statistically significant negative effect of laparoscopy on obstetric and surgical outcomes. On the other hand, the duration of surgery was significantly shorter in the LA group (57 vs. 37 min, p=0.005) ( Table 2 ). There was a pronounced trend for OA in late gestational age, but there was no statistical significance. Somewhat surprisingly, the length of stay was not different in two groups. We were expecting that the length of stay of the LA group might be shorter than that of the OA group. In a systematic review of 20 studies, Prodromidou et al. [7] reported that the length of stay of LA is 1 day shorter than that of OA. [7] We think that our result might be due to preoperative and postoperative consultations to assess the mother and fetus regardless of the surgical intervention. In addition, the diagnostic tools that we used to ensure the diagnosis of appendicitis, such as US and MRI, take some time. In the same study, they found that there is no difference in the incidence of intra-abdominal abscesses or wound infection among the two groups. This result is similar to our results according to surgical site infections, despite the surgical site infection rate would be expected to be lower in laparoscopic cases. We think that our result might be due to pre-and postoperative antibiotic treatments.
The risk of preterm delivery is associated with perforated appendicitis. Some studies reported that the risk of preterm delivery is between 8% and 33%. [8, 9] In our study, we observed that the perforated appendicitis rate was 2%, and the preterm delivery rate was 5% (Tables 1 and 2 ).
In a large population-based study, the negative appendectomy rate is 17.4%. [10] Bhandari et al. [11] reported that the negative appendectomy rates are 21.4% and 21.3% (p=0.52) in their pregnant and non-pregnant cohorts, respectively. In our study, we observed the negative appendectomy rate in 4 (7%) patients. This could be explained by the accuracy of our diagnostic tools. Appropriate imaging in the diagnosis of appendicitis has resulted in a decreased negative appendectomy rate from as high as 25% to approximately 1% to 3%. [12] Some series reported that US was found to be 78% to 83% sensitive and 83% to 93% specific for the diagnosis of AA. [13, 14] The use of MRI during the work-up of suspected appendicitis during pregnancy reduces the unnecessary operation rate by 50%. [15] Avcu et al. [16] reported that the sensitivity and specificity of MRI are 84.9% and 50%, respectively. In our study, the sensitivity and specificity of US were 84.9% and 50%, respectively, and the sensitivity and specificity of MRI were 66.7% and 100%, respectively.
LA was preferred in the first and second trimesters. Owing to the technical difficulties of LA, OA was preferred more often in the third trimester. Some studies showed that LA can be used in all trimesters, whereas Kirshtein et al. recognized the third trimester as a contraindication for LA. [17] [18] [19] A systematic review stated that there is no difference in fetal loss or preterm delivery for LA managed in the first and third trimesters. [20] In our study, only one patient underwent LA in the third trimester, whereas nine patients underwent OA (Table 1) .
Before this, laparoscopy was considered as a risk factor for fetal loss due to the pneumoperitoneum. Increased intraabdominal pressure and Trendelenburg position during laparoscopy may cause maternal hypercapnia and hypoxemia that affect the fetus. [21] Some studies suggested low pressure during laparoscopy to prevent fetal loss. [22, 23] On the contrary, in our study, the pressure was maintained at 14 mm Hg as our standard laparoscopic pressure, and there were no statistically significant differences between the two groups according to preterm delivery and fetal loss. Safe abdominal access for laparoscopy can be accomplished using either an open or a closed technique when used appropriately. The concern for the use of closed access techniques, such as Veress needle or optical entry, has largely been based on the potentially higher risk for injury to the uterus or other intra-abdominal organs in pregnant patients. [24, 25] In the present study, always open incision technique was performed for initial port placement to avoid the aforementioned complications. An increasing number of studies have suggested that laparoscopic surgeries are safe during pregnancy. [22, 23, 26, 27] In our study, we tried to summarize our institution's experience on pregnant women with appendicitis, but the study has some limitations. These limitations include small sample size, retrospective design, only 30-day outcomes, and not well documented physical examination findings.
Conclusion
Overall, the present study suggests that LA is safe for pregnant patients and their infants. It must be kept in mind that our study was only conducted on a small group of patients retrospectively. Further prospective randomized studies are needed to determine the effects of laparoscopy on a larger group of pregnant patients.
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